weakens biologists' ability to examine biological process from Mk rate estimation. Therefore, it 82 is unclear whether the slightly nebulous interpretations of evolutionary rate gleaned through 83 discrete morphological substitution models can be employed for major biological discoveries in 84 the same way as has been done with molecular data (e.g. Smith and Donoghue 2008; Bromham 85 2011). This is particularly important when considering the importance of branch lengths in the 86 total-evidence methods discussed above.
87
Aside from the model concerns discussed above, discrete characters themselves present a 88 non-trivial set of challenges to phylogenetics that are distinct from those possessed by molecular 89 data. Perhaps, foremost among these is disagreement between researchers in the categorisation,
90
ordering, and weighing of discrete character states (Farris 1990 
137

METHODS
138
Simulations
139
I generated a set of 100 pure birth trees using the Phytools package (Revell 2012) , each 140 containing ten taxa. All trees were ultrametric and generated with a total length of 1.0 for 141 consistency in parameter scaling for trait simulations (Fig. 1) . These trees were used to simulate homogeneous transition probabilities. Traits were generated at transition rates 0.05, 0.5, 1.0, 1.5, 153 and 3. All character matrices were generated without rate heterogeneity, and with all invariable 154 sites (ie. no acquisition bias).
155
Matrices were generated at a length of 500 traits and subsampled to create smaller sets of 20
156
and 100 characters to reflect a range of sampling depths. These were chosen because many 157 published morphological matrices fall within this range. The subsampled matrix sizes were 158 chosen to represent reasonably sized paleontological datasets, while the 500 trait matrices were 159 tested to assess performance in complete abundance of data. While such large datasets are 160 uncommon in morphology, several studies have produced character matrices of this size, and for 161 continuous characters, it may be feasible to generate such large datasets from morphometric data.
162
Data were also generated under a correlated BM process to mimic inference in the presence of match inferred tree lengths to the true trees using Phyx (https://github.com/FePhyFoFum/phyx).
180
I assessed topological accuracy from simulated trait data using the symmetric Felsenstein, also referred to as Euclidean distance (Kuhner and Felsenstein 1994) . This is 
194
RESULTS
195
Reconstruction from Independently Evolving Traits
196
Reconstruction error is lower overall for trees estimated from continuous characters than from 197 binary discrete (Fig. 2a, Supp. Fig, 1a ). For discrete characters, symmetric distance increases 198 significantly at high evolutionary rates, likely due to saturation and loss of phylogenetic signal.
199
Distance also increases in discrete characters when rate is very slow, due to lack of time for 
11
Matrix size has a major impact on tree reconstruction accuracy. Estimations from both 216 discrete and continuous traits improve substantially at each increasing matrix size (Fig. 2) .
217
Estimates from 20-character matrices possess fairly high error in both data types 
331
The expectation of correlated evolution between continuous characters has been a major 332 argument against their use in phylogenetic reconstruction in the past (Felsenstein 1985 
387
In addition, morphological evolution might be intuitively expected to evolve in a fashion more to larger biological questions. This is especially important in total-evidence tip dating methods
396
employing Mk, as poor branch length estimates may weaken the ability to infer branching times.
397
Although presenting a unique set of challenges, the use of continuous characters may mitigate 398 some of these issues through the more straightforward interpretability of models describing their 
